This project estimates and analyzes the global warming potential emissions from three dairy production systems in Iowa: grazing, combination grazing/conventional and conventional. A cradle-to-farm gate Life Cycle Assessment is performed for these three systems with milk production as the reference flow.
Q Which alternative dairy produced the lowest greenhouse gas emissions?
A Knowing this will help dairy farmers choose the most profitable system that is suitable to their goals and resources, and they also can consider greenhouse gas emission in their decision. Farmers are concerned with greenhouse gas emissions and their contribution to global warming. They know that if they are not proactive in their approach to production, there will be regulations that might not be favorable.
Background
Verifiable comparisons of the environmental impacts of different U.S.-based agricultural production systems either do not exist or are difficult to access for many products. Such analyses of production systems would allow consumers to evaluate products they purchase and regulators to accurately value externalities in policy decisions. Quantification of environmental impacts on agricultural production systems has social and political merit. Producers, activists and regulators must communicate with the same terms to seek solutions and find common ground. Life Cycle Assessment (LCA) is a tool to account for environmental impacts across the entire life cycle of a product, from production of raw materials to use of the product and disposal. Use of LCA to quantify environmental impacts is one way to find common ground.
Dairy operations are a multi-product business, and this analysis seeks to quantify emissions related directly with milk production and maintenance of the milking herd. Emissions associated with excess calf production and meat from culled cows were deducted from emissions from the dairy system using the "system expansion" method. This method quantifies emissions from other production systems that would produce an equivalent commodity, such as a kilogram of beef or a weaned calf, and reduces the emissions of the evaluated system by its output of these co-products.
Approach and methods
To perform the emissions analysis from Iowa dairy systems, these steps were taken. • Development of the framework: o Using published literature as a guide, the boundaries to run the LCA model were established. o Relationships were established between variable parameters and the dairy systems according to literature, such as culling rate and interval between calving as related to calves available for export from the system. • Data collection:
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Evaluation of greenhouse gas emissions from three dairy production systems in Iowa-conventional, grazing and combination conventional/grazing Principal Investigator: o Data was entered into Life Cycle Assessment software SIMAPRO 7.1. This software package aids the researcher by streamlining data entry and unit conversions. Using a professional software package helps prevent errors in time-and laborintensive LCA, and SIMAPRO has become a standard and well-accepted tool for LCA. SIMAPRO also facilitates direct integration of public and private databases, allowing access to a broad spectrum of background data that enhances the accuracy of the current study.
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o Emissions were estimated for each system. o Sensitivity analyses were performed to find those variables within the dairy systems that yielded the greatest reduction in emissions.
results and discussion
Emissions were evaluated in five categories: enteric fermentation, manure management, feed production, energy, and co-product credits. Enteric fermentation, gases produced in the ruminant's gut, depends greatly on the animal's diet and generates by far the most emissions, accounting for 38 to 50 percent of total emissions in the conventional and grazing systems, respectively. Feed production also varied widely between production systems, accounting for 15 percent of emission in the grazing system, and 28 percent in the conventional. Due to higher excess calf output in the grazing system through lower mortality and culling, co-products offset 35 percent of emissions in the grazing system, compared to 27 percent in the conventional system.
Emissions from manure management varied little between systems in the base case, accounting for 26 to 27 percent of emissions. The conventional system and mixed production systems were evaluated with an anaerobic digester to handle all manure captured while the cows were indoors. Electricity was assumed to be produced from the digester gas output, resulting in a reduction in manure management emissions of 76 and 32 percent, respectively. Energy use accounted for 9 percent of emissions in each system. Findings from this project highlight the tradeoffs that must be made in seeking to lower emissions from a multi-product production system. High culling rates can more rapidly incorporate ever-improving genetics and produce more marketable beef from cull cows, but imply higher numbers of calves kept, and more heifers being fed to replace culled cows, which can increase emissions.
Conclusions
As these Iowa dairy systems exist today, differences in emissions between systems are less than 10 percent. With ample practical and effective ways to reduce emissions within each system, it cannot be suggested from these results that production should shift to one model over another.
However, it can be concluded that the conventional system is further than the grazing system from optimal values that would decrease greenhouse gas emissions. Still, the conventional system may have more potential for reductions due to its highly controlled nature, which allows for more precise adjustments of many variables and resources. The environment that allows this precise control, however, may have implications for the longevity and fertility of cattle that prevents reduction of emissions from reduced culling mortality or interval between calving.
Development and implementation of practices to directly reduce emissions from enteric fermentation, manure management and feed production categories should be a priority for research and experimental dairies. In addition, research to find paths to improve variables such as interval between calving and beef calf equivalency within dairies will be important to allow the greatest production of co-products and greatest reduction of emissions. There are substantial tradeoffs to be made on some of these factors, such as those between feed production and enteric fermentation, but a life cycle approach to reducing emissions should be continued as it permits a full accounting of the tradeoffs involved.
Impact of results
As regulation of greenhouse gas emissions becomes more likely, producers need to use all available tools to better understand emissions from their agricultural systems in order to advocate for fair regulations and to prepare their production systems to be competitive. Iowans can use the roughly sketched systems in this analysis to compare with their own dairy production systems, and using the sensitivity analyses, can understand how changes in management may affect emissions.
Education and outreach
An ISU master's thesis on the project was written by Herringshaw. A journal article on the project is in process.
Leveraged funds
Funds from this project helped expand the work done in conjunction with the Iowa Learning Farm project. These funds freed up monies that could then be used to hire students for additional analysis of the Learning Farm data.
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